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Overview

INational \Weather Service Definitions and



NWS Mission

Wllo protect the lives and property of the
- citizens of the United States...”



Weather Fatalities

Weather Fatalities for 2013
150 - 10 Year Average (2004-2013)
123 = 30 Year Average (1984-2013)

125

100
g2 85

109
75 = 7 R
75 . B =
The | | . W
z:il | [ I 2427 25 l l

0 il ~REVR - AR AP ATRTNT ST PR TR e

Flood Tornado Heat Winter Rip Currents
Lightning Hurricane Cold Wind

............................................................................




Vo arriirie)

Acredl

Gulf of Maine




Basic Definitions

ENIAICH — conditions are favorable for
SEVere Weather to develop. Valid 4-6 hours.
SONAINS SEVErali COURLES:

BNRNING — severe weather has been
ASIII2GISEIN/EU O detected on radar.

Vel IeRSirlIyAISoUFOrRIess, 1ssued on a
ST IR/ =SLONT DASIS.

AVNIEIWVIENT — provides follow-up
11‘1I01‘1‘na‘t1f‘1‘ [0 a warning which is in effect.




Basic Definitions

ENM@RINADO — a violently rotating column
of 2] \attached to a thunderstorm, and In
r*on';r,ag iIh the greuna

SEVERE THUNDERSTORM — a
munJcr» iermichipreduces hail 1 inch
aileieIsana/eraInd gusts 58 mph (50
KIOS) Of Sifeiplefe e

RINSEREILOOD — a rapid rise Iin water,
ISlISACRINg or after a period of heavy
reilfl,




lools for Detecting Storms
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ODbservations

y

yexake many measurements of the


http://www.arm.ac.uk/history/instruments/Robinson-cup-anemometer.html

\Weather Balloons

ses twice a day all over the world at
me tlme 900 stations worldwide

e RUMIdIty, pressure

s and'can reach as



Computer Models

BNCEMpPlex computer: programs
NYAITOSPHErE Broken dewWn Into
Hetiiematical r)ElJr' OIS
Corrigutar s lvesiee tJ,Qns al future points
1r1 tiere
REIENORAELermining environment in
aEEstonrms will form



Computer Model Output
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Weather Satellites

OroiIt 22,000 miles above the earth

geostationary)
Hnorocrr I)n:, L€ Same areas every o to 30






Low/no clouds



, eather Radar Overview

®m [ransmitter sends out
short burst of radio
VES

\When waves strike an
oRJect, a very small
ortion of the energy Is
returned

m Process repeats about
1,000 times a second

ST T
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- Radar Limitations
Why we need spotters
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Radar beam cannot see most of storm “"B”



Storm Spotters

only provides data where scatterers
INGrops or hallstones are present
;lf prmations|cantalso provide insight
RS TOTHTIESHITCT 1LY
Trsllned yoltnRteerspotiers provide visual
it 0115 [6'00 With the radar and



" The Spotter’s Role

Phippsburg, ME



The Spotter’s Role

hONIE the eyes of the NWS where severe
Neatner: |s OCCUNING Or:has occurred:

REROIting s storm ty Yeioe Structure

ooding or injury from
jl gorinjury

SReporiie ezifniiefs
SLOLLOS

IS Ground Truth



liunderstorms in New England

Copyright S. Hanes

m [Most severe weather
- occurs from May
- through early July

- m IVlost severe weather
BRCCUIS during the
4 afternoon and evening

m BUT...severe weather
can occur any time!




Thunderstorm Days




Severe Thunderstorms

. Severe Thunderstorm Warnings
~ 2008-2013




hunderstorm Threats



Conditions for Thunderstorms

understorms, severe or not, need three
Ingredients in order to form:

Copyright S. Hanes

stability 3.) Lift



of air rise like bubbles.
They continue to rise as
long as they remain
warmer than the air
around them.




lieons provide a vertical profile of the
avatichshelp us “see” instability.



ey Thunderstorms
Mechanical LLift

Convergence:
where winds from
different directions
meet, or fast winds
meet slow winds.



Cold Front

mm Cold Air
Warm Air
Warmer Air

Warm Front

mm Cold Air
Warm Air
VWarmer Air

Mechanical
Lift

Fronts:

boundary
between two air
masses

with different
characteristics.

Cooler (drier) air
IS more dense —
acts as a wedge.



Pulse Storms

| uls* storms are thunderstorms, Which can

SMINETy SeVere. |

Sicir core alofi ‘collapses’ resulting in a
AEVMUISEORAIGHNAINGS

= ervinodeadiime may be short, but some lead
tirrie carl Yo oo vielde i

— No rrigsgeyelegle

— Ofrerisnlelg [VEle
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diiunderstorm Life Cycle

m Mature stage
m \\ater In cloud IS

- heavy enough to
fall as precipitation
-~ m Updraft, downdraft,

' " and precipitation all
occurring

m Most likely time

2 for severe weather
Mature Stage



hhunderstorm Life Cycle

m Dissipation stage

recipitation and
downdrafts cut off
the updraft

Nearly all motion Is
downward

m Storm weakens but
can still contain
high winds

..
»
.-
----------

Dissipating Stage



Downbursts
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| FORMATION - IMPACT - DISSIPATION -
Evaporation and Downdraft quickly Downburst moves
precip. drag accelerates and away from point

strikes ground of impact

forms downdraft




hunderstorm Winds or
Downbursts

VIUCINMGRE common than

LONI2EEES ”

d

Winds can exceed 100 mph

Damage swath can cover
several hundred miles



Shelf Cloud

New Gloucester, ME
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Supercell thunderstorm Additionallingredient:

‘.:‘,‘JI-J O ‘All‘:'._‘l‘

> e e Direction of storm vl
5 % ++ & : sty b the nctheast)
W| ndS al Oft t| It the J,mk,.,d..,n f%m'\:“ ' Weather radar
| Rising ae carres ¥ "
| water droplets ,

updraft, separating It
from the downdraft
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u =0 Cloud-to-cloud
lightaing

~ Heavy, negatively-charged particies fall.
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ipercell Thunderstorm Features

MEsecyclone — tilted, rotating updraft
2O downdraft and Updraft to exist
SEPaliatel

Wall Cleltie) = o)y elf ng of cloud base
periesiir) teelfElit

FIREI/AerNado — occurs within updraft

pelieiarge ice chunks falling from
triuriclerstorss)



Supercell Thunderstorms

i

* +  Rain-free base r

Strong inflow wind

Wall
cloud




Mesocyclone

ofi gpgraft at or below cloud base
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Mlesocyclone Formation

Formed by tilting
horizontal rotation
generated by shear
Into the vertical




Mesocyclone
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\Wall Cloud

owering of the cloud base — enhanced
condensation and inflow
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Viay: or may not rotate -
[etalion IS precursor to
[Grnadoe development

Tilts dowriyverel
toward the e

e AW




\Wall Cloud in NH




ool

Photo by
Chris Legro

Portland, ME
June 24, 2013

= \Wall Cloud In Portland







Funnel Cloud

31898

r_lenw,LrJ Iromie
IONEETSIONTT J.«,L:,,,, ejujes

Funnel cloud

National Weather Service Forecase Office, San Antonio, TX  NOAA Central Library



JTornado

Vaelently rotating column of air, attached to a
IIURGEErstorm base, and'In contact with: the ground

¢




s

lLook for the

S dust/debris to

determine
contact with
ground



Hail Formation

| 'Jy;tr ontinues moving water droplets above
ITEE 'flno level

NPDIOPIELS freeze to nuclei, hailstones grow

mRHINSIONES fall when they moyve out of updraft or
IECUITIENO0 NEAVY: |

Thunderstorm hailstone growth
storm motion — in cross-section
Iﬁtructur‘e /
spherical ernbryo

randarn turnbling;
acctretion on

| coldl, .
M o r||'J aft N
‘

| B wil



|_arge Hail

The most destructive
weather element

Annually causes $1 billion




Mothball (M&M)
=Penny/Dime

R _'W i ll]llljlml]]nli]“ I I|l|l‘l»

Pint LINE RULEN

Coins or Sports Balls
(or candy?)

I B § E B F BB



Tornadoes

LN

ESNOROAAGIENTtornadoes are rare, but cause most damage

NENIENCEaNsNItaisCale rates tornadoes based on damage



- Tornadoes - Weak

- About 82% of tornadoes
natjonwide

\Wfinds up to 110 mph
LCifetime about 1-10 min

Path length usually a couple
1les or less

eI

. Low percentage of national
" casualties/damage

ujita scale: EFO and EF1



Tornadoes - Strong

About 17% of tornadoes
nationwide

\WWinds 110 to 205 mph
ifetime about 10-20 min
= Rathilength usually 5-15
miles

Ll

-

Medium percentage of
national casualties/damage

Fujita scale: EF2 and EF3



Tornadoes - Violent

Only about 1% of
tornadoes nationwide

Winds > 205 mph

N Y

L_ifetime up to an hour

Path length up to 50
miles

Large percentage of
_ national
" casualties/damage

Fujita scale: EF4 and EF5






New Hampshire TORNADO

4 July 24, 2008

About 50
Max width ¥

Moved through 5 counties

Tornado wrapped in rain. Nc
eyewitness reports of funnel.

One fatality
Rated EF2

Areas in red on me
greater tree damage

I > 50% of Forest Affected (8411 acres)

Stale of Now Hampshice
Dep. of Resources & Economic Development
Division of Forests & Lands.

h Section
603.484-3016




- New Hampshire TORNADO
July 24, 2008



Hampton Falls TORNADO

May 21, 2006




ihernado Safety at Home or Work

m Someplace
underground Is best

'm |f no underground
shelter, get to a
small; Interior room
& on the lowest floor
.. m Closets and

sew=_J bathrooms are good
g adee . m Cover yourself with
blankets or a
mattress

Small
4 closets



ernado Safety in VVehicles

m Abandon vehicles for
a substantial burlding

'm Cars can be easily
!,,ﬂr L tossed abou@ by a
kB tornado’s winds
7w As a last resort, take

5 cover In a culvert or
ditch, but this IS not
as safe as a solid

building



Leighton, AL TORNADO

nt Leghton AL A WHNT-TV Huntswile, Al
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1l0rnacoees
=Occurs In thunderstorm updraft

DEVIHIINTS] '
SAOCEHUISHIN thunaerstorm d"o,\//vndraft
QASNArUSCOUT from the thunderstorm toward the
Qronnetand then spreads outward along the ground.
| SIS blown along the ground but rarely lifted.




Flash Flooding

~o—y ™

™ The #1 killer among severe
~ Weather events

Viost deaths odevisigRVElal[e [SRER==

Many dezathis occtigeigllelg]




lash Flood Dangers

Ml

HiecarwillBECarmed wien:
Buoyancy Forcsibresterd iun Vahicle Wsdit.

THiergdsno fnction force oncadtavancisasdified on ey

Neariy hattof sl flopd fatctinies areVenicle related

npater can float most vehicles

SEIIOCK a person off balance






Flash Flood Safety

m Turn Around, Don’t
Drown

~ | m Stay clear of flooded
areas!

m Stay away from
creeks or ditches

m |[f camping or hiking,
know where the high

AROUND [ &3 B ground is
DON'T

DROWN m Be especially
e ) cautious at night




October 1996

.
N

Scarborough, ME



Lightning

3 T ) - e o— o
20 % an S 0t ale sttt S A e 00" Lddas e 1 'te gilndeelmemt 2T v N - W ene o

Temperature Is about
50,000 degrees F

Electric current about
30,000 amperes



i‘A .llf'lcr :J I&‘z"

mNVIOVe Inside a strong,
grounded building,

C
Al al

VIOV E MWy AITEITT
WALET: ?th OpPEnare
Tw: s ff electrical
p | nc\e”s‘k“
I\/Iové |nS|de at the
first thunder

m Stay in shelter until 30
(. minutes after last
; thunder

http:/faustraliasevereweather.com/




http:/faustraliasevereweather.com/



eVere Thunderstorm Safety

mVIOVe inside a strong building

B Sicl)/ 'a; dy/ I‘O WIRGAGEWS

VieRile homes and vehicles offer POOr
orotecrion fronel 'Xv"" of

ERYEINEIESIGITEr falr protection from hail

Stesedieretiian golf balls



What to report?

Tejfrlzlele) rlzisin) Fleleeliple)
EURREINCIoua RAIRF=ANRCRY/SeUR

RAI> 2 RChHESHNa
r \)\ ®
Retating\Wallfeloud W hoUrS

WindsESOImpRs=iSpows = 1Nnch /- hour
ARyAVIna daiage SIOIMNIOLEIFSHOW
)

HallN(@nyAS|Z PHEGIPItUORNINPE




What to report

Sl adoes, funnel clouds, wall clouds

mpsiail;high winds; flashiflooding

WY damage; caus e.l Y storms, including
IORAINGG Jafr |

1 We cornlerelhy /erify, Severe Thunderstorm
W arnings wl;'n dewned trees — how many,
OVENGEN N diameter, and where.



VWhat not to report:



How (0o report

p@all:

80048
Rt meule
PVXES </W‘f @noaa goVv

C

.“\

‘: 3

HRAICIVISIILE:

“Send a storm report”’


http://www.weather.gov/gray

NWS Gray Website

www.weather.gov/gray
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FORECAST PAST WEATHER WEATHER SAFETY INFORMATION CENTER SEARCH ABOUT

Local forecast by

"City, St" or ZIP code News Headlines
= Experimental Marine Page

= Latest Winter Weather Information
Location Hel = Spring Coastal Front Newsletter

NWS Forecast Office Gray/Portland, ME Gray - Portland, ME

customize Weather gov = Gray - Portland, ME Weather Forecast Office

Current Hazards  Current Conditions Radar Forecasts Rivers and Lakes Climate and Past Weather  Local Programs

Click on the map below to zoom in.

=nter Your City, ST or \Watches,
7IF Code . . \Warnings &
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Get Weather |

Flood Warning
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Hazardous Weather
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hunderstorm Review

| Towering
- Cumulus

Puffy nature of
clouds indicates
rising motion

Woodward, OK
May 19, 2012



hunderstorm Review

Mature
Thunderstorm

Clouds spread out
| at a stable layer
- (tropopause)

™ - 2 . __ Woodward, OK
- — s May 19, 2012



understorm Review

Supercell
Thunderstorm

developed
“anvil” structure

Hays, KS
May 27, 2012



ffhunderstorm Review

Overshooting top

- Updraft is strong
et s ong U to -
o penetrate the
Stable tropopause

Downdraft with
rain/hail

Hays, KS

May 27, 2012



Find the updraft
and downdraft

Wall Cloud

Wall Cloud 1s an
area of lower
cloud bases
beneath the
updraft

Hays, KS
May 27, 2012




Where Is the
updraft?

Where IS the
downdraft?

Elk City, OK
May 19, 2012



Scud

RisIng air

__condenses to form

small clouds
peing pulled into
the updraft

Elk City, OK
May 19, 2012



Wall Cloud

' Anadarko, OK
'May 19, 2011

¢ l,'ﬁ



Pop Quiz

Find the updraft
and downdraft

\ IMesocyclone

Adrian, TX
May 21, 2012




Scud

Adrian, TX
May 21, 2012




Where are the
updraft(s) and
downdraft(s)?

~ Where would a
' tornado form?

Adrian, TX
May 21, 2012



Adrian, TX
May 21, 2012



ffhunderstorm Review

) ® ~ Where would the
) nado form?

Deaf Smith

- Adrian, TX
. May 21, 2012



Funnel Cloud

Rear Flank
Downdraft (RFD)

Rozel, KS
May 18, 2013



Tornado

Rozel, KS
May 18, 2013



Funnel Cloud or
Tornado?

Tornado

~ Rozel, KS
May 18, 2013




Wall Cloud

Purcell, OK
May 30, 2013




Scud

Purcell, OK

disi L b . May 30,2013




- Purcell, OK
~ May 30, 2013



Wall Cloud

- Purcell, OK
= May 30, 2013



Wall Cloud

iy

-

* Purcell, OK
~ May 30, 2013



Updraft/Downdraft?

Wall Cloud?

el Cloud?

Campo, CO
May 31, 2010



Pop Quiz

Where would a
tornado form?

Wall Cloud?

Campo, CO
May 31, 2010



Where would a
tornado form?

Wall Cloud?

ve g s
PRE bl dD R amr VA
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L L] s..! uu‘m _- e - “
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s o M Campo, CO
May 31, 2010




Pop Quiz

Original circulation
dissipates. New
circulation takes over

Campo, CO
May 31, 2010



Find the tornado

Campo, CO
May 31, 2010




Thunderstorm Review

Find the tornado

Campo, CO
May 31, 2010



Summary

WRETNVA/S has tools for detecting severe

W)/ e?l‘f 16T

Only ‘L) CON JJIJ_LM' the tools with skilled
zigle] SPOLLErs Can e provide the

L

OIMSIPOSE a varlety of threats
ANTIUSE e ready when storms threaten



Questions? Contact Us!

National Weather Service
Weather Lane Route 231
- Gray, ME 04039
207-688-3216
| /
\Website:
WWw.weather.gov/gray

Copyright S. Hanes
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